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(57) A Stabilizer system far nutritional formulas; 
espedally liquid nutritional formulas. TTie stabilizer sys- 
tem is made up of a gel-forming canBgeenan and a 
diacetyl tartaric acid ester of mono- and di-glycerides. 
The nutritional formula is formed of a protein source, a 
lipid source, a carbohydrate source, and the stabilizer 
system. The nutritional formula has improved color and 
physical stability. 
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Description 

This invention relates to a stabilizer system for nutritional formulas; especially nutritional formulas containing a 
hydrolyzed protein source. The nutritional fomiulas are conveniently in liquid form and may be us&i as an infant formu- 
las. 

Many nutritional fbmiulas, such as infant formulas, are now provided in the form of ready-to-drink formulas or liqunJ 
concentrates to which the consumer adds a set amount of water to provkle a ready-to-drink fbnrmila These formulas 
are usually made up of a protein source, a carbohydrate source, a lipid source, various minerals and vitamins, and 
water. Emulsifiers and thickeners are usually added to stabilize the system. 

These liquid nutritional formulas often need to be stored for periods of months. During this time, physical stability 
problems often arise. In particular the lipid components often separate from the aqueous components: despite the use 
of various emulsifiers and thickeners. While this phase separation may be rectified by simply shaking the fomiula..it is 
found that consumer.acceptance of the product is greatiy dminished. Also, the liquid nutritional formulas may take on 
a slight brown color whk;h adversely affects consumer acc^ability. 

Further, nutritional formulas which are in powdered form are often reconstituted several tours or more prior to use. 
During this time, tiie lipid components may separate from the aqueous components: giving the reconstituted formula an 
unacceptable appearance. 

Therefore there is a need for a stabilizer system which provides nutritional formulas with improved stability and 
inproved color when in liquid fonn. - , • . 

Accordingly, this invention provides a stabilizer system for a nutritional formula, the stabilizer system conprising a 
gel-forming carrageenan and a diacetyl tartaric acid ester of mono- and di-glycerides. 

It is surprisingly found that a mixture of a gel-forming canrageenan and a diacetyl tartaric acid ester of mono- and 
di-glycerides provides an improved stabilizer system for nutritional formulas; especially liquki nutritional formulaa Fur- 
ther, it is found that the liquid nutritional formulas have improved color in that ttiey are whiter and less brown. This is a 
significant advantage because consumer acceptability is greatly influenced by color. 

In another aspect, this invention provides a nutritional formula, the nutritional formula including a protein source, a 
lipid source, a cartx)hydrate source, and a stabilizer system, the stabilizer system comprising a gel-forming carra- 
geenan and a diacetyl tartaric acid ester of mono- and di-glycerides. 

The nutritional formula is preferably a liquid nutritional formula in ready-to-consume or concentrated fbrm. 

Preferably the protein source is a hydrolyzed protein; for example hydrolyzed casein, hydrolyzed wh^, hydrolyzed 
soy. or a mixture ttiese hydrolyzed proteins. 

In another aspect, this invention provides a method of stabilizing a liquki nutritional formula which includes a protein 
source, a lipid source, and a carbohydrate source, tiie metiiod conprising incorporating a stabilizer system of a gel- 
forming carrageenan and a diacetyl tartaric acid ester of monoglycerides in tiie Ik^ukd nutritional formula. 

In further aspect, this invention provkies a method of increasing whiteness, decreasing browness. and stabilizing a ' 
Iquid nutritional formula which includes a protein source, a lipid source, and a carbohydrate source, the metiiod com- 
prising adding a stabilizer system of a gel-forming carrageenan and a diacetyl tartaric acki ester of monoglycerides to 
the liquid nutritional formula. 

Embodiments of the invention are now described by way of example. The invention is based on tiie finding that a 
mixture of a gel-forming carrageenan and a diacetyl tartaric acid ester of mono- and di-glycerides provkies an improved 
stabilizer system for nutritional formulas when in ik|uld form. The nutirional formulas may be provkied in lk|ukJ form or 
may be provided in soluble powder fbrm for reconstitution. 

For ready-to-use IkfuM nutritional formulas, tiie diacetyl tartaric acki ester of mono- and di-glycerides preferably 
provides about 0. 1% by weight to about 1 .0% by wieight of tiie liquid nutritional formula; for example about 0.2% to about 
0.5% by weight If the nutritional formula is provkled in tiie fonn of a concentrate, these values may be increased by the 
degree of concentration. If the nutritional fomiula is provided in the form of a powder, the diacetyl tartaric acid ester of 
mono- and di-glycerkies preferably provkies about 0.6% by weight to about 6.0% by weight of the powder. 

Suitable diacetyl tartaric acid esters of mono- and di-glycerides are commercially available; for example from 
Danisco Ingredients ISA. Inc of New Century, Kansas, USA. For example, the diacetyl tartaric acid ester of mono- and 
di-glycerides commercialized under tiie name PANODAN® is particularly suitable The diacetyl tartaric acid ester of 
mono- and di-glycerides preferably has a saponification value of 380 to 425, an acid value of 62 to 76, an Iodine value 
of maximum 3. and a dropping point of about 45''C. 

The gel-forming canageenan suitably is K-canrageenan or eanageenan mixtures predominantly fonned of K-carra- 
geenan. Suitable gel-forming carrageenans are commercially available; for example from Shemberg USA of Searsport. 
ME, USA. A suitatsie gel-forming carrageenan is commercialized under tiie name BENLACTA® CM9425. For ready-to- 
use liquid nutritional formulas, the gel-forming carrageenan preferably provides about 0.00 1 % by weight to about 0.02% 
by weight of tiie liquid nutritional fonnula: for example about 0.002% to about 0.01% by weight. If tiie liquki nutritional 
formula is provkled in the form of a concentrate, these values may be increased by the degree of concentration. If the 
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nutritional formula is provided in the form of a powder, the gei-fbrming canrageenan preferably provides about 0.006% 

by weight to about 0.12% by weight of the powder. 

The protein source used may be any protein source suitable for use in nutritional formulas. Suitable protein sources 

are milk protein sources (for example casein, whey, non fat milk solids, and mixtures of these protein sources), and veg- 
s etable protein sources (for example, soy proteins, rice proteins, and the like). In fact, any suitable protein source may 

be used since the selection of the protein source is not critical. However, for infant fbrnujlas. organizations such as the 

Food and Agriculture Organization/World Health Organization have published the essential amino acid requirements for 

children of various age groups. Also, for Infants under the age of about 2 years, an amino add profile con-esponding to 

that of human milk Is generally regarded as desirable. Hence the protein source is suitably selected to meet these 
10 requirements. The protein source is suitably in the form of hydrolyzed protein. Hydrblyzed protein with a degree of 

hydrolysis of less than about 15% is preferred; for example about 1 0% or less. Especially preferred is hydrolyzed sweet 

whey which has a degree of hydrolysis of about 10% or less. 

The amount of protein used is conveniently such that the protein comprises about 1 .0% to about 2.5% by weight of 

the nutritional formula when in ready-to-use liquid form; for example about 1 .5% by weight to about 2.0% by weight. If 
75 the liquid nutritional formula is provided in the form of a concentrate, these values may be increased by the degree of 

concentration, if the nutritional formula is provided in the form of a powder, the protein preferably comprises about 6.0% 

to about 15% by weight of the powder. 

The lipid source may be any suitable lipid or lipid mixtura Vegetable fats are particularly suitable; for example soy 

oil, palm olein, corn oil. olive oil, sunflower oil. coconut fats, hlgh-oleic safflower oil. and the like. Mixtures of these oQs 
20 may also be used. A lipid mixture which contains monounsaturated fatty adds and essential polyunsaturated f^tty adds 

is preferred. 

The amount of lipid used is conveniently such that the lipid comprises about 2.5% to about 4.5% by weight of the 
nutritional formula when in ready-to-use liquid form; for exanrple about 3% to about 4.0 % by weight. If the liquid nutri- 
tional formula is provided in the form of a concentrate, these values may be increased by the degree of concentratran. 
25 If the nutritional formula is provided in the form of a powder, the lipki preferably comprises about 1 5% to about 30% by 
weight of the powder. 

The carbohydrate source may be any suitable carbohydrate or carbohydrate mixture. For example, the cariaohy- 
drates may be maltodextrin, corn starch, modified starch, maltose, or sucrose, or mixtures thereof. 

The amount of carbohydrate used is conveniently such that the carbohydrate comprises about 5% to about 1 0% by 

30 weight of the nutritional formula when in ready-to-use liquid form; for example about 6% to about 8 % by weight. If the 
liquid nutritional formula is provided in the form of a concentrate, these values may be increased by the degree of con- 
centration. If the nutritional formula is provided in the form of a powder, the carisohydrate preferably comprises akx)ut 
30% to about 60% by weight of the powder. 

The nutritional formula may also contain vitamins and minerals to meet appropriate requirements. 

3S The nutrKional formula may be produced by any suitable procedure. For example, the nutritional formula may be 
produced by preparing an oil phase of the lipid source and the diacetyi tartaric acid ester of mono- and di-glycerides. 
The diacetyi tartaric acid esters of mono- and di-glycerides is suitably dissolved in the lipid source at a raised temper- 
ature of about es^'C to about 80''C. The oil phase is then mixed into an aqueous phase made up of water, the protein 
source, the cartxDhydrate source, a gel-forming carrageenan and minerals. The resulting emulsion preferably has a 

40 solid content of about 1 5 to about 1 6% by weight at this stage. 

If desired, the emulsion may be rapkily heated, for example to a temperature of about SS'^C to about lOO'^C. This 
may be carried out in a plate heat exchanger or similar heating means; for example a steam injector. Preferably, the mix- 
ture is held at the temperature for about 10 seconds to about 20 seconds; for example about 15 seconds. Preheating 
the mixture in this manner improves the long term physical stability of the product. 

45 If necessary, the preheated emulsion may then be cooled; for example by flash cooling. The emulsion is then 
homogenized. This may be carried out in a conventional manner; fbr example in two passes through a homogenlzer at 
25 MPa and 5 MPa respectively The homogenized mixture is then preferably cooled to a temperature of about 5<*C to 
about 25°C. This may be carried out in a plate heat exchanger or similar cooling means. 

If not added earlier, the vitamins and any further minerals may be added at this point. Also if necessary, the solids 

so content of the cooled emulsion may be adjusted. If the formula is not ultimately subjected to retorting, sterilization may 
be cam'ed out at this point. For example, the emulsion may be rapidly heated, fbr example to a temperature of about 
130°C to about leo^'C. This may be carried out in a, plate heal exchanger or similar heating means, or connbination of 
heating means; fbr example plate heat exchanger and a st^am injector. Preferably, tiie mixture is held at the tempera- 
ture for about 2 seconds to about 10 seconds; for example about 5 seconds. 

55 If the mixture has been sterilized, it may then be cooled; fbr example by flash cooling to about 75*^C to about BS^'C. 
The cooled mixture is then homogenized. This may be carried out in a conventional manner; fbr example in two passes 
through a homogenlzer at 25 MPa and 5 MPa respectively. The homogenized mixture is then preferably cooled to a tem- 
perature of about S'^C to about 25''C. This may be carried out in a plate heat exchanger or similar cooling means. 
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phase under stimng at about 5000 rpn.rs^i ^'^^^ ^- 

add is then added to acflust the pH to 6 J Se S is 
118«C far about 13 minutes. '"^ and eutqected to retorting at about 

The resultant formula has a good, white color with little brown fints. 
25 Example 2 

(PANO»t. r^CJ^ru^ iS^jrifcSSmT^ ac« ester mono, and di.,ycen-des 

flower dl at about 74»C. Separately hyd«,lSSd Sein S^SlfT^tSr^ ^ '"'9^' ^un- 

9425. Shemberg USA Corp.). and SJZe ^^edl^^^^Tn"^^ (BENUCTA® CM- 

pera2rr;S';sr?^^^lls^^^^ 

homogenizer at 25 MPa and 5 MPa resTeSvdvTi Trlt?^ , ^ homogenized In two passes through a 

in a Plate hea, exd«nger. vSns S Ser 2nerr2rS5td''l''JS^ *° ' ^"'^C 
adjusted to 12.5%. minerals are added and the solids content of the cooled emulsion 

ana «er horogenbed in Iwo lassi »,Z2ff!r^^ ^ ^ ^ 



30 



35 



40 



45 



SO 



The infant formula has 12.5% by weight of total sofids. The 



Component [ 


Amount (% by weight) 


Protein 


1.65 


Lipid 


3.5 


Carboliydrate 


7.01 


Diacetyl tartanc acid ester of mono- and dl-fllycerides 


0.37 


Carrageenan j 


0.003 



energy density is about 680 kcal/l. 
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Example 3 

Two liquid nutritional formulas are prepared. One formula (Sample 1) is as descnbed in Example 2. The other for- 
mula (Control) is produced in the same way with the same ingredients except that a stabilizer system of monoglycerides 
5 and soy lecithin is used in place of diacetyi tartaric acid ester of mono* and di-glycerides and canrageenan. 

The following characteristics of the two formulas are determined immediately after production, after 30 days of stor- 
age and 60 days of storage: (i) browness; (ii) whiteness, (iii) volume percentage of cream layer to total volume; Gv) vol- 
ume percentage of aqueous layer to total volume; (v) the size distribution of particles, (vi) the presence of coalescence 
and f locculation. and (vii) pH. The results are as follows: 



Characteristic 


Sample 1 


Control 


Browness 






Day 1 


3.0 


3.3 


30 days 


3.1 


3.6 


60 days 


3.4 


4.5 


Color (WD) 






Day 1 


737 


72.2 


30 davs 

WW wet TO 


73.6 


71.7 


60 davs 


73.5 


71.2 


Cream Volume Percentage 






Day 1 


0 


0 


30 days 


5.0 


8.3 


60 days 


8.3 


9.2 


Aqueous Volume Percentage 






Day 1 


0 


0 


30 days 


0.8 


6.7 


60 days 


8.3 


9.2 


Mean partide diameter (lom) 






Day 1 


0.48 


0.83 


30 days 


0.51 


1.32 


60 days 


0.48 


0.82 


Coalescence 






Day 1 


1.0 


2.0 


30 days 


1.5 


2.0 


60 days 


1.0 


2.0 


Rocculation 






Day 1 


2.0 


2.0 


30 days 


1.0 


2.0 


60 days 


1.0 


2.0 


pH 






Day 1 


6.43 


6.79 


30 days 


6.45 


6.79 


60 days 


6.29 


6.77 
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The color is ©qaressed as^whitoi^ degree (WD) where 

r,or,oticeablecoalescenceorfkxxuIatSr^SalLcS^^ In each case. 1 mdicates 

10,m. Rjrflocculatlon. 10 indicates signiSSSin^Jti^^^^ 

larger particles ar«i subi^fto h^S i!:,^ ^^'^ *° 



Claims 



1. A stabilizer system for a nutritional formula, the stabilizer svstem cnmnrfeinn n «ni 

diacetyl tartaric add ester of mono-and di^lyceridr^ comprising a gel-forniing canageenan and a 

4. Anutritiorialtbrmulaaccordingtotodaimaordaimairivvhichtheproteinso^^^ 

6. A liquid nutritional formula, the liquid nutritional formula c»mprisi 

a protein source having a degree of hydrolysis of 10 or less, 

a lipid source, 

a cartwhydrate source, and 

7. A nutritional fomuila accoiding to any of claims 2 to 6 In which the diacetyl tartaric acid ester of monr*. anrt 
erdes provides about0.2%by weight to about 0.5%by weight Of the nSSS^^^^ 

^" esterofmonoglyceridesfbr 
stabHB,ng a liquri nutnfonal Ibrmula which includes a p««ein source, a lipid source, and at^^SX^S^ 

10. The use of a stabilizer system of a gel-forming carrageenan and a diacelvl tartaric acM octor ^ i 
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